Almost a quarter of a century ago, the banding patterns of human and other higher primate chromosomes were compared, creating a barrage of speculation. Consequently, a number of approaches have been used to understand human descent. Chromosome modifications are believed to be important in the origin of species, and pericentric inversions account for the majority of evolutionary chromosomal alterations seen in Hominoidea. A comparative mapping fluorescence in situ hybridization technique, using locus-specific DNA probes as phylogenetic markers, was used to decipher the pericentric inversions of human chromosomes 11 and 12. Human-derived (Homo sapiens, HSA) DNA probes for GLI, HST and INT2 protooncogenes were used to identify their homologous locations in the chromosomes of chimpanzee (Pan troglodytes, PTR), gorilla (Gorilla gorilla, GGO) and orangutan (Pongo pygmaeus, PPY). The INT2 and HST loci mapping results confirm the earlier putative claim that a pericentric inversion took place in HSA chromosome 11 and its equivalent PTR and GGO chromosomes. In addition, these data provide additional information regarding the orangutan's position on the evolutionary tree of Pongidae and Hominidae. GLI mapping reveals that a pericentric inversion occurred in the HSA chromosome 12 equivalent in PTR and GGO, but was not seen in HSA or PPY. These pericentric inversions in PTR and GGO may have occurred at a period when both PTR and GGO had branched off from the Hominoidae trunk. The use of loci-specific probes to decipher pericentric inversions has proved to be a formidable approach in characterizing chromosome rearrangements and providing further evidence on human descent.
Introduction
Most DNA sequence studies on the higher primates place chimpanzee closest to human on the phylogenetic tree, followed by gorilla and then orangutan (Bailey et al., 1992; Horai et al., 1992; Marks, 1992; Ruvolo, 1994) . A comparison of karyotypic data from various primates supports this general claim, which is still being debated (Dutrillaux & Rumpler, 1988) . Phylogenetic analysis by means of chromosome banding patterns in human (Homo sapiens, HSA), chimpanzee (Pan troglodytes, PTR), gorilla (Gorilla gorilla, GGO) and orangutan (Pongo pygmaeus, PPY) reveals that pericentric inversions may be a significant evolutionary mechanistic factor (Dutrillaux et al., 1986; Miro et al., 1992) . Approximately 20 pericentric inversions have apparently occurred during the period of hominoid chromosome evolution (Yunis & Prakash, 1982) . These alterations, which have been determined by routine banding techniques, warrant a fine characterization, which is best served by the availability of a large body of comparative mapping data. The use of the fluorescence in situ hybridization (FISH) technique using chromosome-and loci-specific DNA probes provides a useful tool for determining chromosomal evolutionary convergence/divergence (Jauch et al., 1993; O'Brien, 1993; Luke & Verma, 1995) . The present study maps the homologous locations of the human GLI, HST and INT2 proto-oncogenes comparatively in order to investigate higher primate chromosome evolution in the human-equivalent chromosomes 11 and 12. The established idiogram based on G-banding of great ape chromosomes reveals changes in chromosome pattern and centromere position for chromosomes HSA 11, PTR 9, GGO 9, PTR 10 and GGO 10 (Figs 1 and 2 ).
Apparently, cytogenetic data for chromosome 11 agree with the previous molecular phylogeny, whereas data for chromosome 12 do not. FISH using these oncogene loci DNA probes may shed light on the rearrangements suggested by G-banding. Metaphase chromosomes were obtained using the standard fibroblast harvesting procedure (Verma & Babu, 1995) . Human chromosomes were prepared from phytohaemagglutinin (PHA)-stimulated blood lymphocytes from a cytogenetically normal individual. The FISH technique according to Pinkel et al. (1986) was used with minor modifications as suggested by the manufacturer (Oncor, Gaithersburg, MD, U.S.A.). The following unique sequence probes were used: HST and INT2, which detect a locus in the human chromosome band 11q13.3, and GLI, which detects a locus in the human chromosome band 12q13. All three probes were digoxigenin labelled. Briefly, target chromosome DNA was heat denatured in 70% formamide/2 SSC (pH 7.0) at 72°C. Overnight hybridization was performed at 37°C in a humid chamber. Posthybridization washes were in 2 SSPE (pH 7.4) at 72°C for 5 min. Detection was performed using fluorescein isothiocyanate (FITC)-conjugated antidigoxigenin. Chromosomes were counterstained with propidium iodide/antifade. Photomicrographs were taken using a FITC filter under fluorescent conditions. Chromosomes were preidentified by the QFQ-banding technique.
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Results and discussion
GLI, HST and INT2 unique sequence human oncogene DNA probes were hybridized to metaphase chromosomes of HSA, PTR, GGO and PPY using the FISH technique to determine phylogenetic position concordance or discordance. The homologous sequences of these proto-oncogenes revealed in the great ape chromosomes were indicated by positive hybridization signals. HST and INT2 are both members of the fibroblast growth factor (FGF)-related gene family and have been localized to human chromosome band 11q13.3 (Dickson & Peters, 1987; Marics et al., 1989) . The GLI oncogene is a zinc finger transcription factor and has been localized to human chromosome band 12q13 (Dal Cin et al., 1989; Kinzler & Vogelstein, 1990) . FISH data using Hominoidea metaphase chromosomes demonstrate that the HST and INT2 sequences map to a HSA 11 concordant region in PTR and GGO chromosome 9, corresponding band q13, but map to a discordant location in PPY 8 at band p16 (Fig. 3) . These data suggest that these divergent oncogene positions are apparently caused by pericentric inversions, which may have occurred in the human chromosome 11 equivalent of a common ancestor for HSA, PTR and GGO. This supports the cladogram from Dutrillaux & Rumpler (1988) , which states that PPY separated first from the common trunk of the evolutionary tree for Pongidae and Hominidae. These pericentric inversions may have occurred at a period between the beginning of a Fig. 1 Representation of chromosome bands for human (HSA 11), chimpanzee (PTR 9), gorilla (GGO 9) and orangutan (PPY 8). Arrows indicate the human-equivalent banding designation determined by comparative mapping of the INT2 and HST oncogene homologous sequences (see ISCN, 1985) . Fig. 2 Representation of chromosome bands for human (HSA12), chimpanzee (PTR 10), gorilla (GGO 10) and orangutan (PPY 9) . Arrows indicate the human-equivalent banding designation determined by comparative mapping of the GLI oncogene homologous sequences (see ISCN, 1985) . common trunk for HSA, PTR and GGO and after the separation of PPY from the Pongidae lineage.
The FISH data from the GLI probe reveal that it maps to a concordant position in PPY 9 at band q13 to discordant locations in PTR 10 and GGO 10 at corresponding band p13 (Fig. 3) . Routine staining has shown that PTR 10 has been modified by a pericentric inversion (Dutrillaux & Rumpler, 1988 ). An idiogram based on G-banding suggests that this pericentric inversion also occurred in GGO 10 (ISCN, 1985) . The GLI FISH data of this study support this concept. These chromosomal modifications in PTR 10 and GGO 10 may have occurred at a common trunk for PTR and GGO, after the event when populational evolution occurred, at the end of a common trunk for HSA, PTR and GGO (Dutrillaux & Rumpler, 1988) . Ribosomal DNA studies may also provide evidence that PTR and GGO shared an exclusive common trunk (Marks, 1983) . However, if this is not the case, then explanations may include a potential back-mutation in HSA 12 or a possible polymorphism for the two states of chromosome 12 in the GGO/PTR/HSA ancestor continuing to the PTR/HSA ancestor, with subsequent fixation of alternate states in GGO and PTR (in one respect) and humans (in the other). A comparative mapping database can be established using other unique sequence probes to determine evolutionary relationships among the primates and, ultimately, to advance elucidation of the phylogenetic pathway of human descent.
